esting observation merits further study. Although there has been much debate as to the importance of vascular changes in diabetic neuropathy, it has now been demonstrated by Raff et al. (1968) in a case of diabetic multiple mononeuropathy that infarction of nerve may be topographically related to involvement of the vasa nervorum by 'diabetic microangiopathy', that is, narrowing or occlusion of small vessels by thickening of their walls with PAS-positive material. Electron microscopy shows that this material consists of reduplicated perivascular basement membrane.
Finally, the perineurium merits a brief mention, as it is likely that more will be heard about this intriguing component of peripheral nerve in relation to peripheral neuropathy. The flattened perineurial cells are known to act as a diffusion barrier around the fascicles and recently it has also been suggested that they have a contractile function (Ross & Reith 1969 ). An interesting observation is that in Fabry's disease, in addition to deposition in the endothelial cells of the vasa nervorum, glycolipid droplets are present in perineurial cells (Bischoff et al. 1968 , Kocen & Thomas 1970 .
In conclusion, it will be evident from this brief and necessarily incomplete survey that, at present, electron microscopy has little to offer in the routine examination of nerve biopsies for the purpose of arriving at a diagnosis. However, it has already proved of considerable value in the elucidation of the underlying pathological mechanisms in peripheral neuropathy and undoubtedly will continue to yield dividends in this direction for some time to come. The role of the electron microscope in the diagnosis of muscle disease is limited. Standards of normality are by no means firmly established and the accurate interpretation of abnormalities depends in the first place on the technical excellence of the material being examined. Every phase of the processing of skeletal muscle, fixation, embedding, sectioning, and even examination in the instrument itself, is critical. Any deviation from the most obsessive attention to detail during these procedures may result in distortion or even complete destruction of the muscle sample. The sampling error can be enormous; many completely normal muscle fibres can be seen in cases of preclinical Duchenne dystrophy where up to 80 % of the fibres appear to be abnormal by light microscopy (Hudgson, Pearce & Walton 1967) .
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None the less, the electron microscope has rendered signal service in shrinking that unsatisfactory miscegenation of unrelated entities, the congenital hypotonias and myopathies. It is in fact in this field that the study of the ultrastructure of diseased human skeletal muscle has enabled us to define several new nosologically distinct entities, e.g. central core disease (Shy & Magee 1956 ) and nemaline myopathy (Shy et al. 1963) . In such conditions relatively specific ultrastructural abnormalities can be recognized in the muscle fibres. These serve first as a means of making an accurate pathological diagnosis and, secondly, they assist in clarifying problems of classification. Electron microscopy of skeletal muscle may also be helpful diagnostically in some metabolic myopathies and particularly in the periodic paralyses, where the muscle fibres often appear to be entirely normal at the light microscope level between attacks. In this group of conditions characteristic ultrastructural changes in the muscle fibres can be identified at any stage of the disease (Bradley 1969) . In addition to its diagnostic value in the congenital myopathies and in metabolic disturbances, the electron microscope has made a significant contribution to the elucidation of pathogenetic mechanisms in these conditions. This may well prove to be the most useful practical application of electron microscopy in the study of muscle disease.
In considering the ultrastructural abnormalities revealed by the electron microscope in pathological muscle I will first deal with those non-specific changes which do no more than tell the observer that the muscle is in fact abnormal. In general terms it is possible to correlate the morphological changes with those seen in routine histological sections. Simple atrophy of muscle fibres seen in either myopathy or denervation is reflected by the presence of numerous tiny fibres (average diameter 5 or less) in electronmicrographs. Necrosis, particularly hyaline change, is seen as what can best be described as coagulative necrosis in which the fibrils are congealed in an extremely electron-dense mass. This almost structureless mass of fibrils is often retracted away from the sarcolemma and only a few surviving sarcoplasmic organelles, e.g. mitochondria, can be seen within the necrotic fibre. In some instances macrophages can be seen within the sarcoplasm of the muscle cell and endomysial fibrosis at the light microscope level is mirrored by the presence of numerous collagen fibrils between the muscle fibres. In the situations described above one commonly sees aggregates of large numbers of dense bodies, complex lipid figures of various kinds and autophagic vacuolesstructures which could all loosely be termed lysosomes. These changes can be seen in any myopathic process but are found most often in grossly 'destructive' myopathies such as Duchenne dystrophy and polymyositis.
In early cases of dystrophy and in other less 'destructive' myopathies other and more subtle changes may be found in the ultrastructure of the muscle fibre. Pearce (1966) suggested that dilatation of the terminal cisterns of the sarcoplasmic reticulum was probably the earliest ultrastructural change in the muscle fibre in dystrophy and other myopathies. This certainly is often seen in such cases but it is now generally agreed that focal dissolution of the actin filaments and Z bands (socalled Z band 'streaming') is the first change seen at the ultrastructural level, whatever the noxious stimulus affecting the fibre (Fig 1) . This change was produced experimentally by heat and cold, by ischemia (Moore et al. 1956 ) and by poisoning with plasmocid (Price et al. 1962 ) and has been reported subsequently in a variety of myopathies and even in denervation atrophy. In fact 'myopathic' changes in chronically denervated muscle are commonly encountered at both the light and electron microscope levels (Drachman et al. 1967 , Shafiq et al. 1967 .
In a number of diseases the diagnosis can only be made with certainty by electron microscopy and the size of this group is increasing steadily. The first of these conditions was central core disease, a benign congenital myopathy described by Shy & Magee in 1956. In central core disease an apparently amorphous 'core' can be seen in the majority of muscle fibres in transverse section. This core is best demonstrated in formalin-fixed material by trichrome stains and is apparently quite inert histochemically, showing no reaction for either oxidative or glycolytic enzymes or for myofibrillar adenosine triphosphatase. Ultra- structurally these cores are seen as clearly demarcated zones in which there is generalized I band degeneration, varying degrees of coagulative necrosis of the A bands and virtually complete absence of sarcoplasmic organelles, particularly the mitochondria. Much has been made of the ultrastructural differences between the cores and the abnormal central zones in 'target' and 'targetoid' fibres sometimes seen in denervated muscle. In these it is claimed that there are respectively stepwise and continuous changes from normal to abnormal ultrastructure but the changes are essentially very similar to those in central core disease (see Shafiq et al. 1967) .
The second entity to be separated was nemaline myopathy (Gr. nema =a thread) (Shy et al. 1963 ). This condition, also known as rod body myopathy, is characterized by the presence of numerous electron-dense rods up to 5 ,u in length and 2 ,u in breadth within the muscle fibres (Fig 2) . These are often impossible to see in ordinary paraffin sections although their presence may be revealed by the use of modified interference microscopy or by phase contrast microscopy (Hudgson, Gardner-Medwin, Fulthorpe & Walton 1967) of paraffin sections or 'thick' (0 25 ,u) Araldite sections. The nature of the rod bodies is uncertain but there seems little doubt that they derive from the Z bands as their earliest forms are simply bulbous expansion of these structures. In very high power electronmicrographs they show both axial and transverse strix, the former with a periodicity of about 140 A (14 x 10-9m) and the latter with a periodicity of 80-120 A (8-12 x 10-9m). This does not correspond with the 'crystal lattice' pattern of normal Z band material although Price et al. (1965) , whose measurements differed from those quoted above, suggested that the rods were composed of tropomyosin B, formerly considered to be the principal protein of normal Z band. It is now thought that a-actinin may be the chief protein component of normal Z band and nemaline rods It should be noted that it is hazardous in the extreme to predict the molecular configuration of anything seen in an electronmicrograph on the basis of its ultrastructure alone. The complete specificity of nemaline change has been called into question as it has now been reported in a variety of unrelated disease entities such as limb-girdle dystrophy and polymyositis. We have seen it ourselves in material from a severely myopathic person in chronic renal failure complicated by osteomalacia and from a patient with Adie's disease (material kindly lent by Dr Denis Harriman of Leeds). However, the rods are seen in profusion only in nemaline disease and we would certainly challenge Engel's (1967) assertion that they can be identified with certainty in large numbers by light microscopy in cryostat sections from many different myopathies. Here, we believe, is one disease where electron microscopy is essential in making the pathological diagnosis.
We have also found electron microscopy useful in confirming the diagnosis of skeletal muscle glycogenosis. In the two conditions we have been able to study, acid maltase deficiency and muscle phosphorylase deficiency, we have found enormous amounts of glycogen in the sarcoplasm of muscle fibres and, in the former particularly, glycogen confined in vacuoles of varying sizes lined by 'unit' membranes. This change, however, is not specific for acid maltase deficiency as has been claimed in the past (Hudgson et al. 1968 ): we have now seen it in material from patients with McArdle's disease, periodic paralysis and congenital myopathy associated with medullary carcinoma of the thyroid. We were recently able to confirm the diagnosis of Pompe's disease by electron microscopy on a biopsy sample from a 3-month-old 'floppy' infant with a greatly enlarged heart. The damage to his muscle was so great as to prevent reasonable interpretation at the light microscope level but ultrastructurally the changes associated with skeletal muscle glycogenosis were demonstrated without difficulty (Fig 3) .
The boundaries of benign (often a misnomer) congenital myopathy have been further contracted by the description of myotubular or centronuclear myopathy and of what have been called the skeletal muscle mitochondrioses. The name myotubular myopathy was applied by Spiro et al. (1966) , who described the condition because the appearance of many of the muscle fibres in their material resembled that of myotubes in foetal muscle. Because of this they suggested that the muscle abnormality may have been due to maturation arrest during development. This concept has been challenged by others, notably Sher et al. (1967) , although we find it attractive as the ultrastructure of the 'abnormal' fibres closely resembles that of the feetal myotubes. Two apparently typical examples of this condition have recently been described from our department (Campbell et al. 1969 ).
In 1962 Luft et al. described a family some of whose members showed clinical and biochemical evidence ofgross hypermetabolism in the presence of normal thyroid function. Muscle biopsy was undertaken in the first instance simply to obtain mitochondria for metabolic studies, although histochemical studies at the time showed what appeared to be abnormally large mitochondrial aggregates in some fibres. Subsequently study of the ultrastructure of this material (van Wijngaarden et al. 1967) showed that the muscle fibres contained unusually large numbers of mitochondria many of which were structurally abnormal. There are now numerous reports in the literature of cases of a similar nature. Although more than one disease entity may be involved, the general pattern seems to be hypermetabolism, mild myopathy, excessive fat in the muscle fibres histochemically and the presence of large numbers of bizarre mitochondria often containing inclusions of various kinds , Price et al. 1967 , Coleman et al. 1967 . In this context we have recently studied 2 patients with excessive amounts of fat in their muscle fibres, neither of whom appeared to have hypermetabolism. The first, a young woman born of a consanguineous marriage, had a restricted and very slowly progressive myopathy affecting her shoulder girdles. Routine histological sections showed what appeared to be a vacuolar myopathy and histochemically her muscle fibres contained enormous amounts of neutral fat. Electron microscope studies showed that her muscle fibres contained numerous lipid droplets and structurally abnormal mitochondria. A preliminary report on this case has recently been published (Bradley et al. 1969) and biochemical studies on the material are continuing. The second case is an adult male who was diagnosed clinically as typical facioscapulohumeral dystrophy and who has a family history compatible with that diagnosis. His muscle histology was atypical in that numerous foci of segmental necrosis, phagocytosis and regeneration were seen and histochemically his muscle fibres contained large amounts of fatprobably free fatty acids as suggested by Nile blue sulphate staining (Fig 4) . Preliminary electron microscope studies have shown that he too has a mitochondrial myopathy, although it is clearly difficult to say at present where this particular example can be fitted into the nosology of muscle disease generally (Fig 5) . It should be said that mitochondrial abnormalities (e.g. vacuolation, loss of cristm, presence of inclusions) can be seen in many myopathies including the dystrophies, chloroquine myopathy and steroid myopathy. The diagnosis of myopathy due to primary dysfunction of mitochondria should only be made where these organelles are present in obviously excessive numbers, where the structural abnormalities are gross and generalized, and where there is histochemical evidence of disturbed oxidative metabolism within the muscle fibres.
While freely admitting the disadvantages and limitations of electron microscopy in the field of muscle disease, I believe the foregoing examples illustrate its importance in clarifying our ideas on the classification of muscle disorders and on some of the basic pathogenetic mechanisms involved.
